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TITLE: PROGRAMMABLE CONSTANT CURRENT 
CIRCUIT 



OFF HOOK 



SPECIFICATION 



BACKGROUND 



1. 



Field of the Invention 



The present invention relates to an apparatus for communication devices, in particular 
an apparatus for providing a constant current while the device is in the "off-hook" state. 



Modems are communications devices which employ digital processing techniques to 
transmit data over a band-limited communications channel, such as the Public Switched 
Telephone Network (PSTN). Generally, to transmit data over the PSTN, a modem modulates 
the binary data and then transmits the data over the band-limited communications channel. A 
receiving modem is coupled to the band-limited communications channel, and receives the 
binary data and demodulates the binary data. 

Generally, in order for the modem to effectively communicate over the PSTN, such as 
a Plain Old Telephone Service (POTS) line, the modem's "off-hook" electrical interface 
should meet a telephone standard, such as EIA/TIA-496-A. The standard includes the 
necessary electrical interface criteria for the modem, including "off-hook" impedance, loop 
current, and dial tone levels. 

"Off-hook" refers to a state of the communication device, such as when the 
communication link between the device and the PSTN is enabled for voice, data 
communication or network signaling. The term "off-hook" is derived from the original 
telephone usage in which they refer to the position of the hand set with respect to the cradle of 
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the telephone. An improper interface between the device and POTS line may result in lost 
data. In addition, a variety of other performance criteria, such as connection speed of the 
device, may be adversely affected by an improperly interfaced device. Furthermore, an 
improper device interface may degrade POTS network performance. 

5 Present modem designs incorporate a fixed valued resistor or a resistor/transistor 

element as a current element when the modem is in the "off-hook" state. This off-hook 
impedance is placed in series with the telephone line impedance. Since most modems use an 
amplitude modulation scheme for data transmission, DC biasing currents can affect modem 
communication. Furthermore, because telephone line impedance can vary, data transmission 
1 0 can be affected by the present modem designs utilizing a fixed- value resistor design. 
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SUMMARY OF THE INVENTION 

Briefly, one feature of the invention provides a constant current to an Analog Front 
End (AFE) of a communication device while the device is in the off-hook state. The 
apparatus provides the necessary circuitry for connecting a communications device, such as a 
modem, with a telephone network, such a Plain Old Telephone Service (POTS) network. 
When the communication device is in an off-hook state, the apparatus provides a constant DC 
current to the telephone line. Transmission and reception and of data over the telephone 
network is optimized when the average DC biasing current of a data signal is about 30ma. 
The apparatus generally maintains an average current of about 30ma regardless of the loading 
of the telephone network line. Since most communication devices use current modulation for 
data transmission, the present invention provides a constant DC biasing current for such data 
transmission. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



A better understanding of the present invention can be obtained when the following 
detailed description of the preferred embodiment is considered in conjunction with the 
following drawings, in which: 

Figure 1 is a block diagram of a transmitter and a receiver coupled to a Plain Old 
Telephone Service (POTS) network; 

Figure 2 is a block diagram of a communication system using a POTS interface; 

Figure 3 is a block diagram of a telephone interface; 

Figure 4 is a circuit diagram of a telephone interface; and 

Figure 5 is a flow chart of a method of optimizing a communication device coupled to 
a telephone network. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 



Turning now to the drawings, Figure 1 is a block diagram of a transmitter and receiver 
coupled to a telephone network, such as Plain Old Telephone Service (POTS) network of a 
PSTN. A transmitter 100 is coupled to a Customer Premise Equipment/Telephone Company 
(CPE/TELCO) interface 102, such as a wall jack (e.g., an RJ-11 jack). The interface 102 
generally represents the boundary between the customer and the TELCO. Various CPEs are 
connected to a TELCO central office switch (CO) (not shown). The CO is then coupled to a 
telephone network 104. A receiving end is also coupled to the telephone network 104 by its 
corresponding central office (not shown). An interface representing the boundary of the 
customer premise and TELCO is represented by an interface 106 which couples the CO and a 
CPE receiver 108. 

The CPE typically include communication devices, such as a modem or a telephone. 
The CPE typically adheres to interface standards. The interface standards typically provide 
physical size and electrical loading requirements necessary for the CPE to operate at a defined 
quality of service. Without the standards, it is possible that a customer premise equipment 
may not function when coupled to the telephone network, nor perform at optimal levels. 

Telephone lines . 110, 112 couple the CPE/TELCO interfaces 102, 106 with the 
telephone network 104. The telephone lines 110, 1 12 are generally referred to as a local loop. 
The telephone lines 110, 112 include tip and ring conductors which have inherent line 
impedances. As specified in the EIA/TIA-496-A (EIA/TIA) standard, the TELCO provides a 
DC potential of approximately 48 volts across the tip and ring conductors. 

POTS refers to type of service of the PSTN. Access services, such as placing and 
receiving calls are generally defined by the EIA/TIA standard. When the CPE 100, 108 needs 
to access the PSTN, the CPE 100,108 goes to an "off-hook" state. 
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* Figure 2 is a block diagram of a telephone network using a telephone interface. A 
CPE 200, such as a modem, is coupled to a telephone interface 202. The telephone interface 
202 can be incorporated into the CPE 200 or the telephone interface 202 can be a stand-alone 
device coupled to the CPE 200. An CPE/TELCO interface 102 illustrates the boundary 
between the customer premises and the telephone company. The CPE/TELCO interface 102 
is coupled to a telephone network 104, such as a Plain Old Telephone Service (POTS) 
network, an x Digital Subscriber Line (xDSL) network, or an Integrated Services Digital 
Network (ISDN). Depending upon the telephone network 104, the CPE 200 is coupled to the 
CPE/TELCO interface 102, and typically adheres to a variety of standards, including an 
electrical interface standard. For example, in the United States, the interface standard is 
EIA/TIA standard. 

The EIA/TIA standard provides electrical requirements for accessing the PSTN. For 
example, the EIA/TIA standard specifies that it is desirable that a minimum of 40 seconds be 
allowed at the completion of dialing, before a call is abandoned and retried. Other 
requirements include a communication device's impedance when the device is on-hook or 
off-hook. Generally, the PTSN's impedance varies depending on a variety of conditions, such 
as the CPE/TELCO interface's 102 distance from a Central Office (not shown). 

Figure 3 is a block diagram of a telephone interface. The universal telephone interface 
202 is typically part of an Analog Front End (AFE) of the CPE 200. The telephone interface 
202 is coupled to the CPE/TELCO interface (not shown) generally by tip and ring conductors. 
Although the tip and the ring conductors are shown in the figure, they can be used 
interchangeable that is, the conductor labeled "tip," could be a "ring" conductor, and the 
conductor labeled "ring" could be a "tip" conductor. The telephone interface 202 generally 
includes a driver 302, a current source circuit 300, and a hybrid receiver 304. An INPUT and 
an OUTPUT are typically coupled to a Coder/Decoder (CODEC) (not shown). The OUTPUT 
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of the CODEC is generally provided to the input of the driver 302. For illustrative purposes, 
the outputs of the driver 302 are coupled to the current source circuit 300 and the hybrid 
receiver 304. Typically, part of the output of the driver 302 is provided to the telephone 
network 104 via tip and ring lines. The hybrid receiver 304 generally provides a rejection of 
the transmit signals from the driver 302, while providing receive signals from the telephone 
network 104 to the INPUT of the CODEC. The current source circuit 300 generally provides 
a constant current for interfacing the CPE 200 when the telephone network 104. As will be 
discussed further below, the current source circuit 300 can be adjusted automatically 
depending upon the loading requirements of the telephone network 104. As mentioned 
previously, the impedance of the telephone network 104 typically varies depending upon 
conditions of the telephone network 104, such the CPE/TELCO's 102 distance to the CO (not 
shown). 

Figure 4 is a circuit diagram of a constant current source circuit of a telephone 
interface. The current source circuit 300 is coupled to a transformer Tl and a RING and a 
TIP conductor of the CPE/TELCO I/F 102. An on-hook relay 400 is coupled to the ring 
conductor of the constant current circuit 300. The off-hook relay 400 closes when the CPE 
200 is in a off-hook state and couples the CPE 200 with the telephone network 104. For 

illustrative purposes, the off-hook relay 400 is coupled to the RING conductor of the current 

i . 

circuit 300. The off-hook relay 400 location is not critical, and can be coupled to the TIP 
conductor of the current source circuit 300. 

A diode bridge Bl is coupled to the off-hook relay 400 and TIP conductor. The diode 
bridge Bl rectifies the line voltage and provides the appropriate voltage polarity to voltage 
points VI and V2, should the TIP and RING conductors be reversed. The voltage point VI 
should always be greater than or equal to the voltage at the voltage point V2. Data 
transmitted over the telephone network 104 is typically represented by the AC component of 
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an electrical signal. A capacitor CI decouples an DC component of the signal and provides 
the AC component to the transformer Tl. The transformer Tl is coupled to the driver and 
hybrid receiver (not shown) and typically provides electrical isolation between the CPE 200 
and the telephone network 1 04. 

When the CPE 200 goes to an off-hook state, the off-hook relay 400 closes and a 
voltage appears across a diode bridge Bl. A driver 402 is coupled to a 6.2 volt reference 
diode via resistors R5 and R6, which divide the 6.2 volts and provide a .86 volt reference to 
the non inverting input of the driver 402 (when the resistors R5 and R6 are 62kQ and 10KQ 
respectively). The driver 402 drives its output so that its inverting input is at that same 
voltage of .86 volts by driving a transistor Ql. Thus, the voltage across a resistor R7 is held 
constant at that .86 volts, and when the resistor R7 is selected at 27Q, the current through the 
resistor R7 is constant at approximated 30mA, which is drawn from the TIP and RING 
conductors via the bridge B 1 . Thus, a constant DC biasing current is drawn. Of course, a 
variety of other constant current sources could be substituted for sinking current. 

The function of other circuit components will be apparent, such as a capacitor C3 used 
with the driver 402 to reduce high frequency response of the system. This allows the constant 
current source to operate from DC to low frequency AC (direct current or low. frequency AC 
with no voice or other data) to establish the constant current source, while still allowing the 
higher frequency voice or modem or other data to pass through the capacitor CI to the 
transformer Tl. 

Figure 5 is flow chart of a method of providing a constant DC current source. The 
method starts at step 500. The DC voltage across the TIP and RING conductors of the CPE 
200 fluctuate at step 502. A constant DC current is provided to the tip and ring conductor of a 
transmitter and a receiver of a telephone interface at step 504. The method ends at step 506. 
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As discussed previously, the CPE 200 can typically be used with various telephone 
networks, where loads may fluctuate. Since the CPE 200 can be dynamically adjusted, the 
CPE 200 can be coupled to any telephone network 104 without suffering from signal 
distortion due to DC biasing currents. 

Furthermore, certain telephone networks, such as a PBX system, are not current 
limited systems. In POTS networks, the EIA/TIA standard specifies that the telephone lines 
be current limited. Thus, if the telephone lines are shorted, a surge of current will not destroy 
the CPE. However, in a PBX system, typically there is no requirement that the system be 
current limited. Therefore, without a current source circuit, such as the current source circuit 
300, the AFE of the CPE 200 may be damaged by a current surge from such PBX system. 

The foregoing disclosure and description of the invention are illustrative and 
explanatory thereof, and various changes in the size, shape, materials, components, circuit 
elements, wiring connections and contacts, as well as in the details of the illustrative circuitry 
and construction and method of operation may be made without departing from the spirit of 
the invention. 
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